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Abstract

Hydrolysis of phospholipid (PL) within camptothecin (CPT)-containing liposomes was studied systematically, after ele-
vated lyso-phosphatidylcholine (LPC)-concentrations in pH 5, CPT-containing liposomes(@2 inol%) relative to control-
liposomes (7.3 0.5 mol%) occasionally had been observed after four months storage in fridge. Liposomes were prepared by
dispersing freeze—dried PL/CPT mixtures in 25 mM phosphate buffered saline (PBS) of varying pH (5.0-7.8) and CPT concen-
trations (0, 3 and 6 mM). PL-hydrolysis was monitored by HPTLC, quantifying LPC. In an accelerated stability study;, @60
catalytic effect of CPT on PL-hydrolysis was observed after 40 h, but not up to 30 h of incubation. The pH profile of the hydrolysis
indicated a stability optimum at pH 6.0 for the liposomes independent of CPT. The equilibrium point between the more active
lactone- and the carboxylate-form of CPT was found to be pH 6.8. As a compromise, pH 6.0 was chosen, assuring >85% CPT
to be present in the lactone form. At this pH, both control- and CPT-liposomes showed only minor hydrolysis after autoclaving
(121°C, 15min). Storage at room temperature and in fridge (2 months), as well as accelerated agaeih@b4t), gave a
significant elevation of LPC content in CPT-liposomes relative to control-liposomes. This study demonstrates a catalytic effect
of CPT on PL-hydrolysis, the onset of which seems to require a certain threshold level of hydrolytic degradation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The aim of this work was to investigate more

systematically the instability of camptothecin (CPT)-

Abbreviations: CPT, camptothecin; EPC, egg-phosphatidyl- containing I|posome§, which was occasmnally ob-
choline; HPTLC, high-performance thin layer chromatography; served, and to examine whether CPT has an Impact

LPC, lyso-phosphatidylcholine; MLV, multilamellar vesicle; PC, 0N the storage stability of liposomes in terms of hy-

phosphatidylcholine; PL, phospholipid; VPG, vesicular phospho- drolysis of phosphatidylcholine (PC). The stability of

lipid gel phospholipids (PL) is crucial for the toxicological and
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ical degradation of PC mainly happens by two pro- drug so that it is present in therapeutically relevant

cesses: oxidation and hydrolysis. Oxidation generally concentrations and in the active hydrophobic form of

does not limit the shelf-life as long as proper mea- thedrug Burke etal., 1993; Daoud etal., 1995; Cortesi

sures has been taken, i.e. use of antioxidants, filling et al., 1997; Lundberg, 1998; Lynam et al., 1999

with nitrogen and storage in the darkrommelin et In this study we have focused on the effect of CPT

al., 1994 Hernandezcaselles et al., 199Blydrolytic on the stability of a CPT-liposome formulation against

decomposition of PL finally leads to free fatty acids and hydrolysis.

glycerol-phosphoric acid esters. Since the first step of

PC-hydrolysis appears to be rate limiting, the interme-

diate product, lyso-phosphatidylcholine (LPC), is of- 2. Materials and methods

ten taken as a measure for determination of hydrolysis

rate of PC in liposome dispersionddog et al., 2000; 2.1. Materials

Hernandezcaselles et al., 199¢arious measures have

been suggested to minimize hydrolytic degradation of  (§-(+)-Camptothecin was obtained from Boeh-

PL in aqueous liposome dispersions, such as selectingringer Ingelheim Pharma, Germany. The phospholipid

the optimal pH, buffer composition, low storage tem- (PL) used, Lipoid E-80 (80—85% egg-phosphatidylcho-

perature, and freeze—drying of liposomé&xif et al., line (EPC)), was delivered by Lipoid GmbH, Germany.

1989; Gritand Crommelin, 1993 ydrolysis is known L-a-Lyso-phosphatidylcholine (LPC) was purchased

to both effect the physical stability and safety of lipo- from Sigma—Aldrich, Germany. Organic solvents were

somes Grit and Crommelin, 1992, 1993; Lutz et al., obtained from Merck, Germany, and were of gradi-

1995. ent grade quality for liquid chromatography unless
CPT is a plant alkaloid with potent antitumor stated otherwise. Triethylamine (for analysis), acetic

activity. It has a pentacyclic structure with a dynamic acid (glacial 100%), di-sodium hydrogen phosphate

pH-dependent equilibrium between the closed ring dihydrate (extra pure), potassium di-hydrogen phos-

lactone and open-ring carboxylic acid forrid. 1). phate (pro analysi) and sodium hydroxide pellets (ex-

At neutral and alkaline pH, the less active carboxylate tra pure) were purchased from Merck, Germany. Water

form is dominant. The active and more hydrophobic was freshly distilled and buffers filtrated through 0.22-

lactone form is favored by acidic pH and is stabilized wm pore-size filters prior to use. HPTLC plates with

by hydrophobic environments like phospholipid silicagel 60, 100 mm 200 mm, were obtained from

bilayers present in cell membranes, erythrocytes Merck, Germany.

and liposomesRurke et al., 1998 Liposomes also

tend to protect CPT from binding to human serum 2.2. Liposome preparation

albumin, which has higher binding affinity towards

the carboxylate than the lactone form and drives the In order to prepare a homogeneous blend of PL

equilibrium towards the inactive form of the drug (Lipoid E-80) and CPT, solutions of CPT and PL in

in human plasmaBurke et al., 199p Poor in vivo DMSO and methanol, respectively, were mixed. The

stability and low water solubility makes liposomes an PL-CPT solution was shock frozen in liquid nitrogen

attractive formulation approach for CPT delivery, as and freeze—dried for 65 h at temperatures fred0 to

liposomes are expected to stabilize and solubilize the 45°C and pressures decreasing from 800 to 0.008 mbar.

i R Et o1

Fig. 1. The camptothecin lactone—carboxylate equilibrium.
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The freeze—dried PL—-CPT cake was stored @&d°C.
Control samples contained lipid (PL) only.

75

in duplicate to every HPTLC plate with a CAMAG
Linomat Il applicator (Camag, Muttenz, Switzerland).

The freeze—dried PL-CPT cakes were brought to Application parameters were as follows; volumeud0

room temperature and 25mM PBS added. The to-

tal batch size was 40 g for the vesicular phospholipid
gel (VPG)-liposomes, containing 40% (w/w) PL, and
2.0 ml for the multilamellar vesicles (MLV)-liposomes
containing 10% (w/w) PL. The MLV-liposomes were
prepared by dispersing on a MS2 Minishaker (KA

dosage speed 54/ 20 bands, band length 5 mm, space
between bands 3.7 mm, space from lower edge of the
plate 15 mm.

After evaporation of the sample solvents, the plates
were developed in a closed flat bottom chamber
(20 cmx 10 cm) containing 70 ml mobile phase. The

company group). The 40% VPGs were prepared by development was stopped when the solvent had mi-

swelling for 60 min followed by homogenization in
a high-pressure homogenizer (APV Micron LAB 40,
APV homogenizer, Germany), set at 70 MPa for 10
cycles. Where indicated, CPT-liposome and control-
liposome (VPGs) were transferred to 10-ml injection
vials, sealed and autoclaved for 15min at 121in

a steam sterilizer (CertoClave Type CV-EL 10L/12L,
CertoClav Sterilizer GmbH, Traun, Austria).

2.3. Stability study—ageing conditions

The CPT-liposomes and control-liposomes (MLVs)

grated approximately 65 mm. The plates were dried at
room temperature for 10 min before further drying on
a CAMAG TLC Plate Heater Il at 130C for 10 min.
The HPTLC plates were post-chromatographic
derivatizated by dipping 5s into a 10% CuS®
solution, acidified with 80 ml/l 85% phosphoric acid
(Kotting et al., 1992 HPTLC plates were dried in
an oven (Memmert UM100, Memmert GmbH + Co,
Schwabach, Germany) at 150 for 30 min and there-
after on a heating plate (CAMAG TLC heater lIl, CA-
MAG, Muttenz, Switzerland) at 200C under a stream
of air for 20—45 min prior to scanning. LPC was quanti-

were preparedin PBS (pH5.0,5.4,5.8,6.2,6.6, 7.0, 7.4 fied densitometrically at 530 nm (CAMAG TLC scan-
or 7.8) and the hydrolysis studied upon incubation. For ner 3, Muttenz, Switzeland), using a scanning speed of
stability testing, samples were stored at room temper- 5mm/s, a slit dimension of 3.00 mx0.45mm (mi-

ature (20-22C) or in fridge (4-8C), protected from

light and in well-sealed containers. Accelerated age-

ing was performed in a shaking water bath (GFL 1086,
GFL GmbH, Germany) at 60 or 7 for up to 40 h at
70rpm.

2.4. High-performance thin layer chromatography
(HPTLC) analysis of LPC

Liposome samples were dissolved and diluted in
methanol prior to HPTLC analysis. Lipid concentra-

tionsinthe dispersions were 10 and 40% (w/w), respec-

tively. The volume ratio between the liposome prepa-

cro) and a mercury (Hg) lamp. A typical HPTLC plate
is shown irFig. 2 Calibration was performed by apply-
ing standard solutions of LPC in methanol in concen-
trations of 25.6, 51.1, 153.3 and 25p.8§/ml, validated
(Shah et al., 19920 be within the quantification limit

of the method, which was 21.33)/ml (correspond-
ing to 417 pmol final amount). LPC hadRa value of
approximately 0.16 as detected visually and densio-
metrically by scanningKig. 2), whereas CPT hadR
value of approximately 0.76, and thus CPT was judged
not to interfere with the quantification of LPC in the
chromatogram. The CPT spots were visualized on the
HPTLC plate in a Camag UV-cabinet (Camag, Mut-

ration and methanol solvent was varied to reach a final tenz, Switzerland) at 254 and 366 nm.

PL concentration of between 1 and 4 mg/ml or LPC

concentrations within the range of the standard curve 2.5. High-performance liquid chromatography

(25.6—-255.510/ml) using sample volumes of between
10 and 25 ml.

HPTLC plates, silicagel 60, 100 ma200 mm
were pre-run in 60ml mobile phase; (CHCI
MeOH/triethylamine/water (30:35:34:8, v/ivi étting
et al., 1992. Every formulation was analyzed in trip-

(HPLC) quantification of CPT

The HPLC method originally described byarner
and Burke (1997Ayas used with some modifications: A
mobile phase gradient from 25 to 35% acetonitrile dur-
ing 10 min in 1% (v/v) triethylamine buffer pH 5.5 (by

licate, and both samples and standards were appliedusing acetic acid). Flow rate was 1 ml/min. A Waters
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Fig. 2. Atypical HPTLC plate with CPT-liposome- (Ca) and control-liposome (Co) samples and calibration solutions (K).

HPLC system was used, equipped with a 474 Scan- liposomes without CPT. The liposomes contained PL
ning Fluorescence detector, a 2695 separation mod-(Lipoid E-80) and were dispersed in 25 mM PBS, pH
ule, and a Symmetf/Cyg-column, 3.9 mnx 150 mm 5.0. The acidic pH was considered necessary to as-
(Water€ Milford, Massachusetts). Wavelengths: ex- sure that all CPT was in its active lactone form. The
citation A =360 nm and emission =440. Injection LPC content of CPT-liposomes compared to control-
volumes were either 10 or 20. CPT-lactone and liposomes is displayed iRig. 3.

-carboxylate were quantified from standard curves.

Standard samples were made from a 3.33 mg/ml CPT-3 1. Influence of camptothecin on phospholipid
stock-solutionin DMSO. Nine millimoles of phosphate  hydrolysis

buffer (PB), pH 10.5 and pH 3.0, were used for the

carboxylate- and the lactone-standards, respectively. |n order to study the influence of CPT on liposome
Every standard solution was prepared in triplicate and hydrolysis in more detail, 10% (w/w) liposome disper-

injected twice into the HPLC. sions, pH 5.0, containing 0, 3.0 and 6.0 mM CPT were
prepared and incubated at 8D in a shaking water

2.6. Effect of pH on the camptothecin bath for accelerated ageing. Samples were withdrawn

lactone—carboxylate equilibrium and LPC content quantified after 10, 20, 30 and 40h.

At early time points, all formulations were found to
A 50 png/ml stock solution of CPT in DMSO was  have relatively similar hydrolysis rate, i.e. no signif-
prepared and 2fl (0.5%, w/w) thereof diluted to 5ml icant difference in LPC content was found between
in 25 mM phosphate buffer (PB) with pH 3.0, 5.5, 6.0, CPT-containing and CPT-free liposomésg. 4). Af-
6.5, 7.0, 7.5 or 11.0, to a final CPT concentration of ter 10, 20 and 30 h of incubation, the LPC content in
250 ng/ml (0.72.M). Samples were incubated on a all samples had increased from 2.8% to approximately
shaking water bath for 5 days at 23.5°C to assure 3.5 and 4.5%, respectively. In contrast, the LPC con-
equilibrium, and thereafter analyzed by HPLC. tent at 40 h had increased to 5:0.1%, 6.4+ 0.01%
and 7.1+ 0.2%, for the liposomes containing 0, 3 and
6 mM CPT, respectively. At this stage of hydrolysis, a
3. Results catalytic effect of CPT seemed to appear. However, this
effect was not very clear, and further evidence there-
Initially in this study, unexpectedly high LPC con- fore was needed, as reported later on. It still remained
centration was observed after 4 months storage in fridge unclear why this effect was not seen at earlier time
in CPT-liposomes (3 mg/g CPT) compared to control- points.
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Fig. 3. Content of lyso-phosphatidylcholine in autoclaved CPT- and control-liposomes after 4 months of storage in the fridge, containing 0 and

3mg/g CPT, respectivelnE 2).

3.2. Influence of pH on phospholipid hydrolysis

Liposomes with (3.0 mM) and without CPT was pre-
pared in 25 mM PBS of varying pH and incubated for
24hat70°C. The LPC contents obtained are displayed
in Fig. 5. The analysis of empty liposomes resulted in a
similar pH-profile (data not shown). With respect to the
stability of the formulations, a pH around 6.0 appeared
more favorable.

| EZZ2 Control-Liposomes e et e
7 M CPT-Liposomes 3 MM f------oeemmemeeeen e o
[_JCPT-Liposomes 6 mM |

N
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20 30
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Fig. 4. Concentration of lyso-phosphatidylcholine in 10% (w/w) li-
posome dispersions with three different CPT concentration levels
after 10, 20, 30 and 40 h incubation at®D(n= 3).

G

3 mg/g CPT-Liposomes

3.3. The lactone—carboxylate equilibrium of
camptothecin

In order to decide how much of the CPT is present
at a pH closer to 6.0, CPT was dissolved in PBS of
varying pH and both the lactone and the carboxylate
formwere quantified by HPLC. AtpH 6.0, 84470.1%
CPT was present in its active lactone configuration

(Fig. 6).

Lyso-PC (mol%)

Fig. 5. pH-profile of the lyso-phosphatidylcholine content in 10%
(w/w) liposome dispersions containing 3 mM camptothecin after in-
cubation at 70C for 24 h fi=3).
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both for an accelerated stability study and storage sta-
bility study in fridge (4-8C) and at room temperature
over a period of 2 months.

In the accelerated stability study (70 for 25 h)
an initially moderate and later on accelerating increase
in LPC content was observed for both formulations,
and to a higher extent in CPT-containing liposomes
(Fig. 8. The LPC content was also observed to in-
crease faster in the CPT-containing liposomes than the
control during storage in fridge and at room tempera-
ture (Table ). Hydrolysis stability was poorer at room
temperature than in fridge. The observed difference in
hydrolysis stability between the two formulations in
both the accelerated stability studyig. 8 and stor-
age stability studyT{able 1) was confirmed by calcu-
lation; p-values <0.05 were attained by the student’s
t-test showing a significantly higher increase in LPC-
concentrations for the CPT-liposome formulations as
3.4. Effect of camptothecin on hydrolysis of compared to the control-liposomes.
liposomes at pH 6.0: autoclaving, accelerated
ageing and storage stability

100 Msesanacioees
god. i i i
60—

404

Lactone-CPT (%)

204

Fig. 6. The lactone—carboxylate hydrolysis equilibrium of camp-
tothecin in PBS as function of pHhE 3).

4. Discussion
Autoclaving (122 C and 15 min) gave a slight in-
crease in LPC content both for the CPT-containingand  The increase in LPC content observed in prelim-
the CPT-free liposomes, and no significant difference inary studies led to the assumption that there was a
between these two formulations was obsenrd.(7). significant elevation of hydrolytic degradation of PL
Liposome formulations with and without CPT in the CPT-containing liposomes, i.e. that CPT has a
(3mM) at pH 6 were prepared, autoclaved and used catalytic effect on PL-hydrolysis. This effect could not

Lyso-PC (mol%)

s

Control

Formulation

Fig. 7. Lyso-phosphatidylcholine content of autoclaved liposomes with and without camptothe&h (
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nately, the CPT-lactone/carboxylate equilibrium in li-

—m— Camptothecin-Liposomes | N posomes is not easily measurable by HPLC due to rapid
—&@— Control-Liposomes

re-equilibration during sample preparatiddutke et
al., 1993. It was concluded that a pH of 6.0 would
represent an optimum pH in terms of an acceptable
lactone—CPT concentration and minimum hydrolytic
degradation of PL in the liposomes. For all further ex-
periments, PBS of pH 6.0 therefore was used.

The process of autoclaving is of first choice to obtain
a sterile product for parenteral applicatidu{z et al.,
1995; Zuidam et al., 1993The effect of autoclaving

Lyso-phosphatidylcholine (mol%)

] e e on the LPC content of liposomes (pH 6.0) with and
o 5§ {0 15 20 25 without CPT was studied, and a moderate increase in
Time (hours) LPC content was observed irrespective whether CPT

was present or not. This appears to confirm that there
Fig. 8. Content of lyso-phosphatidylcholine in control- and CPT- s no catalytic effect of CPT on PL-hydrolysis until
liposomes after incubation at YQ for 20 and 25 h{=3). a certain LPC level is reached. Both the accelerated

ageing study and the storage stability studies indicate,
be confirmed in accelerated ageing studies &@0  however, that hydrolytic PC degradation is enhanced
at least not at early time points. Only after 40 h in- inthe presence of CPT, and this catalytic effect of CPT
cubation were increasing amounts of LPC found with appears to increase with the progress of PL-hydrolysis.
increasing CPT content of the liposomes. A possible  Studies on ageing of liposomes and the effect of
explanation for this might be that the catalytic effect of chemical degradation on physiological stability is ear-
CPT only occurs after athreshold LPC-concentrationis lier described in literaturedrit and Crommelin, 1992;
reached in liposomes. The pH-profile of PL-hydrolysis  Zuidam et al., 1995 When hydrolysis exceeds 15%,
showed that hydrolytic degradation of liposomal PLs permeability of the liposome bilayer increaseri
both in presence and absence (data not shown) of CPTand Crommelin, 1992 In vivo toxicity is also found
is at its minimum around pH 5.8-6.6, which is com- when spiking liposomes with LPC at concentrations
parable to previous published pH-hydrolysis profiles higher than 15%l(utz et al., 199%. Further optimal-
of liposomes Grit et al., 1989; Grit and Crommelin, ization of the formulation, together with careful pro-
1993, where a stability optimum at pH 6.5 was ob- cessing and handling, is therefore mandatory to obtain
served. The pH-dependant equilibrium curve of CPT a CPT-liposome formulation with acceptable storage
showed that the active lactone form is present at 85% stability.
in PBS at pH 6.0. According to earlier published data In conclusion, CPT has an impact on the hydrolytic
this equilibrium is expected to be even more on the PL-degradation of liposomes above a certain level of
neutral lactone side when CPT is incorporated into li- stress or lyso-lipid content. Even at the stability opti-
posomes, as the neutral lactone-CPT is described tomum at pH 6.0, the storage stability of CPT-containing
have a 2.5-fold higher association constant compared liposomes is inadequate for a marketable pharmaceu-
to the carboxylate-CPTBrke et al., 1998 Unfortu- tical product.

I)e/lsclfplhosphatidylcholine content (mol%) after autoclaving and storage at room temperature or in fridge for 0, 1 and 2m&)ths (
Time (T) (months) Room temperature Fridge
CPT-liposomes (%) Control-liposomes (%) CPT-liposomes (%) Control-liposomes (%)
0 3.2+0.2 29+0.1 3.2+0.2 2.9+0.1
1 6.5+ 1.4 5.0+£0.9 4.2+0.4 3.7+0.3

2 10.5+ 0.7 6.5£0.4 6.8+£0.9 4.9+:0.9




80 A.M. Saetern et al. / International Journal of Pharmaceutics 288 (2005) 73-80

References Kotting, J., Marschner, N., Unger, C., Eibl, H., 1992. Determina-

tion of alkylphosphocholines in biological fluids and tissues.

Burke, T.G., Mishra, A.K., Wani, M.C., Wall, M.E., 1993. Lipid bi- In: Eibl, H., Hildgard, P., Unger, C. (Eds.), Alkylphosphocoline:
layer partitioning and stability of camptothecin drugs. Biochem- New drugs in Cancer Therapy. Basel, Karger, pp. 6-11.
istry 32, 5352-5364. Lundberg, B.B., 1998. Biologically active camptothecin derivatives

Burke, T.G., Munshi, C.B., Mi, Z.H., Jiang, Y., 1995. The important for incorporation into liposome bilayers and lipid emulsions.
role of albumin in determing the relative human blood stability Anti-Cancer Drug Des. 13, 453-461.
of camptothecin anticancer drugs. J. Pharm. Sci. 84, 1492-1494. Lutz, J., Augustin, A.J.,ager, L.J., Bachmann, D., Brandl, M.,

Burke, T.G., Staubus, A.E., Mishra, A.K., Malak, H., 1992. Liposo- 1995. Acute toxicity and depression of phagocytosis in vivo by
mal stabilization of Camptothecin’s lactone ring. J. Am. Chem. liposomes: influence of lysophosphatidylcholine. Life Sci. 56,
Soc. 114, 8318-8319. 99-106.

Cortesi, R., Esposito, E., Maietti, A., Menegatti, E., Nastruzzi, C., Lynam, E., Landfair, D.J., Wiles, M.E., 1999. Camptothecin ana-
1997. Formulation study for the antitumor drug camptothecin: logue efficacy in vitro: effect of liposomal encapsulation of
liposomes, micellar solutions and a microemulsion. Int. J. Pharm. GI147211C (NX211). Drug Deliv. 6, 51-62.

159, 95-103. Moog, R., Brandl, M., Schubert, R., Unger, C., Massing, U., 2000.

Crommelin, D.J.A., Grit, M., Talsma, H., Zuidam, N.J., 1994. Lipo- Effect of nucleoside analogues and oligonucleotides on hydrol-

somes as carriers for drugs and antigens—approaches to preserve  ySis of liposomal phospholipids. Int. J. Pharm. 206, 43-53.
their long-term stability. Drug Dev. Ind. Pharm. 20, 547-556.  Shah, V.P., Midha, K.K., Dighe, S., Mcgilveray, 1.J., Skelly, J.P.,

Daoud, S.S., Fetouh, M.I., Giovanella, B.C., 1995. Antitumor ef- Yacobi, A., Layloff, T, Viswanathan, C.T., Cook, C.E., Mc-
fect of liposome-incorporated camptothecin in human malignant dowall, R.D., Pittman, K.A., Spector, S., 1992. Analytical meth-
xenografts. Anti-Cancer Drugs 6, 83-93. ods validation—bioavailability, bioequivalence and pharmacoki-

Grit, M., Crommelin, D.J., 1992. The effect of aging on the phys- netic studies. Pharm. Res. 9, 588-592. o
ical stability of liposome dispersions. Chem. Phys. Lipid 62, Warner, D.L., Burke, T.G., 1997. Simple and versatile high-
113-122. performance liquid chromatographic method for the simultane-

Grit, M., Crommelin, J.A., 1993. Chemical-stability of liposomes— ous quantitation of the lactone and carboxylate forms of camp-
implications for their physical stability. Chem. Phys. Lipid 64, tothecin anticancer drugs. J. Chrom. B Biomed. Appl. 691,
3-18. 161-171.

Grit, M., Desmidt, J.H., Struijke, A., Crommelin, D.J.A., 1989. Hy- ~ Zuidam, N.J., Gouw, H.K., Barenholz, ., Crommelin, D.J., 1995.
drolysis of phosphatidylcholine in aqueous liposome dispersions.  Physical (in) stability of liposomes upon chemical hydrolysis:
Int. J. Pharm. 50, 1-6. the role of lysophospholipids and fatty acids. Biochem. Biophys.

Hernandezcaselles, T., Villalain, J., Gomezfernandez, J.C., 1990. Acta 1240, 101-110.

Stability of liposomes on long-term storage. J. Pharm. Pharma- Zuidam, N.J., Lee, S.S., Crommelin, D.J., 1993. Sterilization of li-
col. 42, 397-400. posomes by heat treatment. Pharm. Res. 10, 1591-1596.



	Camptothecin-catalyzed phospholipid hydrolysis in liposomes
	Introduction
	Materials and methods
	Materials
	Liposome preparation
	Stability study-ageing conditions
	High-performance thin layer chromatography (HPTLC) analysis of LPC
	High-performance liquid chromatography (HPLC) quantification of CPT
	Effect of pH on the camptothecin lactone-carboxylate equilibrium

	Results
	Influence of camptothecin on phospholipid hydrolysis
	Influence of pH on phospholipid hydrolysis
	The lactone-carboxylate equilibrium of camptothecin
	Effect of camptothecin on hydrolysis of liposomes at pH 6.0: autoclaving, accelerated ageing and storage stability

	Discussion
	References


